We performed low-temperature scanning tunneling microscopy, low-energy electron diffraction, angleresolved photoemission spectroscopy, and in situ Raman spectroscopy to investigate the exotic electronic characteristics of the two-dimensional Ag 2 Ge surface alloy associated with Ge-Ag interactions. The dynamics of Ge insertion into the Ag(111) substrate has been identified, which is distinct due to the metalloid nature of Ge. The ordered structure of the Ag 2 Ge alloy is determined by the Ag-Ge interaction, which can be controlled by the coverage of Ge atoms on the Ag(111) surface. The linear dispersions of surface states across the Fermi level have been identified in Ag 2 Ge by angle-resolved photoelectron spectroscopy, which suggests that Ag 2 Ge could be a potential candidate material for high-performance electronic applications.
Introduction
Two-dimensional (2D) surface alloys, which feature electronic hybridization between substrate atoms and top-layer metal adatoms, have attracted considerable attention, due to their exotic electronic characteristics, which are distinct from those of their bulk counterparts. For instance, the Rashba-Bychkov (RB) effect, which is observed in noble metal substrate surfaces due to the broken spatial inversion symmetry of the bulk crystals, is significantly enhanced in the ordered 2D surface alloys by the introduction of an in-plane potential gradient, evoking potential applications in magnetic data storage and spintronic devices. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] As a typical metallic substrate, Ag(111) has turned out to be suitable surface for the formation of Ag 2 M surface alloy (M = Bi 2 , Sn 4 , Pb 5, 6 , or Sb 7 ) with (√3×√3)R30˚ reconstruction after the deposition of 1/3 monolayer of metal atoms. Exotic characteristics were observed in such Ag 2 M surface alloys. The corresponding atomic reconstructions and electronic structures are believed to be determined by the Ag-M interatomic interactions. For instance, RB splitting is observed in Ag 2 Bi alloy 3 , while it is absent in the case of Ag 2 Sn alloy because of the decreased spin-orbit coupling strength with decreasing atomic number 4 .
In contrast, light nonmetal elements, e.g. C and Si in group IV, prefer to form the 2D allotropes graphene 12 and silicene [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] with Dirac fermion characteristics on the Ag(111) surface due to their weak interaction with Ag atoms. This suggests that the nature of the adsorbed element indeed determines the surface configuration on the Ag(111) surface, and therefore, induces distinct electronic properties.
As a typical metalloid element in group IV, germanium (Ge) only takes on a diamond structure with sp 3 hybridization of the valence electrons in bulk form, similar to C and Si in their bulk crystals 26 . Very recently, it was reported that the 2D allotrope of Ge, germanene, had been successfully epitaxially grown on MoS 2 27 and metallic substrates [28] [29] [30] [31] [32] [33] [34] [35] [36] , including Au(111) [30] [31] [32] , Pt(111) 33 , Al(111) 34, 35 and Cu(111) 36 surfaces.
The interaction between the substrates and the Ge atoms is believed to depress the 
Experimental
All the samples used in this work were fabricated in a preparation chamber in a low-temperature STM/scanning near-field optical microscopy system (LT-STM-SNOM, SNOM1400, Unisoku Co. 39 The Raman laser (λ = 532 nm) was delivered through a single-mode optical fiber into the measurement chamber of the STM-SNOM system.
In-situ LEED and ARPES characterizations were performed at the Photoelectron Spectroscopy Station in the Beijing Synchrotron Radiation Facility (BSRF) using a SCIENTA R4000 analyzer. All the measurements were carried out in ultrahigh vacuum (UHV, < 1 × 10 -10 Torr) at 77 K. (111) can be detected due to the Rayleigh scattering. In the Raman spectrum of the Ge(111) surface, the characteristic peak at 303 cm -1 corresponds to the frequency of the in-plane transverse optical (iTO) and in-plane longitudinal optical (iLO) phonon branches at the  point for germanium atoms, i.e. a doubly degenerate E 2g mode. 40 The Raman spectrum of Ag 2 Ge was acquired and is shown in Figure 4 (e), where no Raman signal could be detected. Since the E 2g peak is the fingerprint of the bond stretching of all germanium atom pairs, the Raman spectrum In principle, a two-dimensional electron gas (2DES) can be transformed into Dirac fermions after it is decorated by a suitable periodic array of gates. 41 Due to its metalloid nature, the deposited Ge is expected to be at negative potential relative to the buried 2DES on the Ag(111) substrate and to deplete electrons. Thus, the triangular Ge arrangement leaves the electrons in a graphene-like honeycomb pattern and could be described by the Dirac Hamiltonian, leading to the formation of "composite graphene" with Dirac fermion characteristics. More results on the electronic properties, however, such as quasi-particle chirality and X-shaped band dispersion in ARPES measurements, are needed to judge whether the Dirac fermions exist in 2D Ag 2 Ge alloy or not.
Results and discussion

Conclusions
In summary, the interaction between Ge and the Ag (111) 
